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Abstract 

This paper reports on a wind-tunnel test 
where load distributions were obtained at tran- 
sonic speeds on both the canard and wing surfaces 
of a closely-coupled wing-canard configuration. 
The investigation included detailed component and 
configuration arrangement studies to provide 
insight into the various aerodynamic interference 
effects for the leading-edge vortex flow condi- 
tions encountered. Data indicate that increasing 
the Mach number from 0.70 to 0.95 caused the wing 
leading-edge vortex to burst over the wing when 
the wing was in the presence of the high canard. 
For some of the outboard span locations, the 
leading-edge vortex reattachment streamline 
intersects the wing trailing edge inboard of 
these span locations, thus, the Kutta condition 
was not satisfied. In general, the effect of 
adding a canard was to reduce the lift inboard 
and somewhat increase the lift oiitboard 
similar to the trends that v;ould have been 
expected had the flow been attached. 

Symbol s 

b model semi span, cm 

b* exposed wing semi span, cm 

c local chord, cm 

Cavg average chord length, cm 

c mean geometric chord, cm 

c^ chord length at fuselage-wing juncture 

Cj^ section normal force coefficient 

Cj^ y lift on aft body and wing (Ref. 4) 

Cp pressure coefficient 

Cp* sonic pre.'sure coefficient 

ACp r.p upper surface - Cp lower surface 

(ACp) ACp canard on - ACp canard off 
c 

M Mach number 

S wing reference area (wing extended to 

model center line), cm^ 

X longitudinal o'stance, cm 

y’ lateral distance - measured from wing- 

fuselage intersection, cm 

2 height above mid-chord plane of model, cm 

+AIAA Student Member 


a angle of attack, deg 

A leadino edge sweep, deg 

Nsobar isobar sweep, deg 

n y'/b* 

Y ratio of specific heats 


Introduction 

Past investigations (Refs. 1-13) have in- 
dicated that the proper use of canard surfaces 
on maneuvering aircraft can offer several attrac- 
tive features such as potentially higher trimmed- 
lift capability, improved pitching moment charac- 
teristics and reduced trimmed drag. In addition, 
the geometric characteristics of close-coupled 
canard configurations offer a potential for im- 
proved longitudinal progression of cross-sectional 
area which could result in reduced wave drag at 
low supersonic speeds and placement of the hori- 
zontal control surfaces out of the high wing 
down wash and jet exhaust. Flow visualization 
studies (Ref. 13) and analytical studies (Refs. 14 
and 15) have indicated that the favorable inter- 
ference of the canard on the wing's lift produces 
a complex flow field on the wing surface. Al- 
though there have been several papers published 
discussing the total forces and moments produced 
by dose-coupled canard-wing configuratic s, very 
little data is available on the load distribution 
on canard and wing surfaces for close-coupled 
canard wing configurations. 

This paper reports on a wind-tunnel investi- 
gation where load distributions were measured at 
transonic speeds on both the canard and wing sur- 
faces of a closely-coupled wing-canard configura- 
tion. The investigation included detailed com- 
ponent and configuration arrangement studies to 
provide insight in'.o the various aerodynamic 
interference effects. In addition to the detailed 
pressure measurements, the pressures have been 
integrated to illustrate the effects of Mach 
number, canard location, and canard-wing interfer- 
ence effects on various aerodynamic parameters. 

The present investigation was conducted in the 
Langley 8- foot transonic pressure tunnel; the Mach 
numbers ranged from 0,70 to 1.20 and data was 
taken from 0° to approximately 20° angle of attack. 


Descrip tio n of Model 

A drawing of the model used in the wind- 
tunnel test (discussed in this paper) is pre- 
sented in Figure 1. This model was designed so 
that various wing and canard planforms could be 
attached to the common fuselage and the positional 
relationship of the lifting surfaces (canards 
and wings) could also be varied. The wings and 
canards were instrumented with several pressure 


orifices; the upper surface orifices were located 
on one lifting surface (wing or canard) and the 
lower surface orifices v/ere located on the lifting 
surface on the other side of the model . However, 
both the instrumented canards and instrumented 
wings could not be tested simultaneously because 
of space restrictions in the model; thus, when 
both the canards and wings were r . the model at 
the same time either the wings or canards were 
uninstrumented. Table 1 presents the pertinent 
geometric parameters associated with this model. 

The 60° swept untwisted wing had uncamoered 
circular-arc airfoil sections and maximum thick- 
ness which varied linearly from 6 percent of the 
chord at the root (the root in this paper is the 
intersection of the fuselage and v/ing) to 4 per- 
cent of the chord at the tip. 

The canard had a leading-edge sweep angle of 
51.7° and an exposed area of 28,0 percent of the 
wing reference area S. The canard was tested in 
the chord plane of the wing (z/c = 0.0) and in 
positions 18.5 percent of the wing mean geometric 
chord above and below the wing chord plane 
(z/c = 0.185 and -0.185). To obtain the configura- 
tion with the canard located below the wing chord 
plane, the model with the canard in the high posi- 
tion was rolled 180° on the sting. The canard 
was untwisted and had uncambered circular-arc 
airfoil sections. The maximum thickness varied 
linearly from 6 percent of the chord at the root 
to 4 percent at the tip. 


Results and Discussion 

Although load distributions were obtained on 
both the canard and wing surfaces, this paper 
will focus on only the wing loads since the wing- 
canard interference effects are more pronounced 
on the wing. All the data presented will be for a 
nominal angle of attack of approximately 12.7°; 
the exact angle of attack for each configuration 
discussed is shown in Table II. 

Aerodynamic Force Characteristics 

Because of the sharp leading edge and re- 
latively high sweep of the wing, the aerodynamic 
forces are characterized to various degrees by 
the well known leading-edge vortex flow. To 
illustrate the effect on the aerodynamic forces 
and to provide background infcnation related to 
the pressure results, some of tne force results 
presented in Reference 4, obtained on a geometri- 
cally identical model are presented herein. The 
wind-tunnel model discussed in Reference 4 was 
instrumented with two strain gage balances, as 
shown in Figure 2; one balance measured the load 
on the forebody and canards while the other balance 
measured the total load on the model. Figure 3 
shows the effect of fiach number on wing lift, 

W’ W difference between the lift 

on the main balance and the lift on the canard 
balance, see Figure 2) for the high .canard confi- 
gurations. In this paper, the high canard is 
located at z/c = 0.185; mid-canard at z/c = 0.0 
and low canard at z/c = -0.185. 

The data in Figure 3 show there are only 
small effects of Mach number on the total lift as 


would be expected from the relatively high sweep 
angles. The effect of canard location on wing 
lift is shown in Figure 4. These data indicate 
that the canard downwash substantially reduces 
the wing lift over the angle- of- attack range shown. 
In general, the low canard reduces the lift on the 
wing the most and the high canard the least. It 
can be seen in Figure 4 that for the Mach number 
0.95 case, the wing not in the presence of the 
canard appears to stall, the leading-edge vortex 
bursts over the wing at some angle of attack 
greater than 12°, while the wing in the presence of 
the canards show no sign of wing stall. To in- 
dicate some of the problems involved with predict- 
ing the total load versus angle of attack for a 
wing in the presence of a canard. Figure 5 shows 
a comparison of experimental and theoretical wing 
lift. On the left, the data is compared with 
potential flow theory and on the right with vortex 
lift theory. Since the vnng is swept 60 and pro- 
duces a separation induced leading-edge vortex, 
the under prediction of lift using potential flow 
theory should be expected for both the wing in the 
presence of the canard and the wing alone configu- 
rations. It is of interest to note, however, that 
with the wing in the presence of the canard, the 
increase in wing lift over potential flow theory 
is much greater' and at high angles of attack 
nearly offsets the downwash effect from the canard. 
The vortex lift theory agrees well vnth experi- 
ment for the wing alone case up to an angle of 
attack of approximately 13 degrees where the 
leading-edge vortex appears to burst in the 
vicinity of the wing. However, for the wing 
in the presence of the canard, no breakdown effect 
is evident and the lift exceeds that predicted by 
the vortex lift theory. It is assumed that the 
additional vortex lift implied by the comparison 
may be associated with a stablizing effect on and 
possibly an augmentation of the wing leading-edge 
vortex by the canard flov/ field. 

Effe c t of Mach Number on Hing Loads in the Pre- 
sen c~e~ of a Cana r? 

Mach numbers 0.70 and 0.95 chordwise pressure 
distribution data on the wing for the high canard 
configuration is shown in Figure 6. Since this 
model has sharo leading-edged wings and the 
leading edge is swept 60°, a leading-edge vortex is 
expected to form as discussed above. The chord- 
wise pressure distribution for the 0.70 Mach 
number case indicates there is a leading-edge 
vortex v;hich v/ashes back over the wing; however, 
the 0.95 Mach number case indicates a leading- 
edge vortex inboard and there appears that there 
may be a vortex v/ashing back over the wing, but 
these data are not conclusive. In the span region 
of n = .82, it is seen that the Kutta condition 
tends not to be satisfied for either Mach number. 
For a further understanding of the flov/ field on 
the wing at these Mach numbers. Figures 7 and 8 
show isobars on the wing in the presence of the 
high canard and with the canard removed for Mach 
numbers of 0.70 and 0.95. 
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For the Mach number 0.70 case, the flow 
appears to be everywhere subcritical, since the 
critical pressure coefficient for 0,70 Mach 
number is approximately -1.23, as calculated by 
equation (1) for an isobar swept 60°. 




I^M^ isobar 
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The isobars in Figure 7 are swept more than 60° 
so the C * would be something less than the -1.23 
P 

value cited above. The path of the leading-edge 
vortex over the upper surface of the wing is 
evident in Figure 7. The pressure distributions 
shown in Figure 6 for the spanwise location of 
n = .82 indicates that the Kutta condition is not 
satisfied for the Mach number 0.70 case. The 
isobars in Figure 7 indicate that the vortex 
induced reattachment line intersects the wing 
trailing edge inboard of the n = -82 station; 
thus, the Kutta condition v«uld not be expected to 
be satisfied. It seems likely from the data in 
Figure 7 that the v;ing tip is stalled. 

The isobars for the 0.95 Mach number case. 
Figure 8, appear to be a good deal more complicated 
than the 0.70 Mach number case. For isobars swept 
66°, which is a nominal sweep for the isobars 
shown in Figure 8, the critical pressure coef- 
ficient (Cp*) becomes approximately -0.67 and for 

no sv;eep of the isobars Cp* becomes -0,09. The 

data in Figures 6 and 8 indicate that there is a 
shock wave which runs generally as the isobars 
run in the leading-edge section of the wing out to 
a span station of n = .35, Further outboard, 
the isobars tend to be unswept, thus, 
the flow on the upper surface of the wing outboard 
of an n of approximately .35 is supersonic. The 
Cp = -.95 isobar closes on itself in the vicinity 

of n = -71. It is suggested that the vortex has 
burst here causing a rapid growth in the vortex 
core size, and the separation bubble is seen. The 
reattachment line appears to be off the wing sur- 
face, thus, causing the Kutta condition to be 
unsatisfied. Even though the vortex has burst, it 
is felt there is still circulation around the 
vortex, and the far field flow, above the wing, is 
still organized. This seems reasonable 'ince as 
is seen in Figure 3, the total lift on the wing 
for the 0.95 Mach number shov/s little indication of 
loss of lift due to vortex bursting. Thus, it 
appears that there is a wing leading-edge vortex 
passing over the wing at Mach number of 0.95, but 
the vortex bursts over the wing and, comparing 
Figures 7 and 8, the vortex apnears to be pulled 
somewhat forward on the aft portion of the wing. 

It is felt, based on the 0.95 and 0.70 Mach number 
data, that if the canar' semispan were the same 
as the wing semispan ‘‘ui ther gains could be made 
in the wing perff"'mance. 

The effect of Mach numb'-'‘- on the span load 
distribution is shown in Figure 9 for the wing in 
the presence of the high cana'~d. The span loads 
seem to correlate well with the total loads shown 


in Figure 3. In the description of the model, it 
was pointed out t' at the wing was uncambered and 
untwisted with a share leading edge, thus, optimum 
span loads, as regards induced drag, should .lot be 
expected. Integrating these loads, in Figure 9, 
yields the center of pressure locations shown in 
Figure 10 for the wing in the presence of the high 
canard at three Mach numbers. As might be expected, 
there is a rearward movement of center of pressure 
with Mach number; this rearward movement is 
approximately 5 percent of the mean geometric chord 
of the wing. It is interesting to note that al- 
though there is substantial differences in the 
character of flow in going from a Mach number of 
0.70 to 0.95 (Figs. 6, 7, and 8), there is essen- 
tially no spanwise movement of the center of pres- 
sure. 


Effect of Canard Location on Wing Loads 

In order to help explain some of the pressure 
distribution results that will be presented in this 
section, a brief discussion of some of the flow 
visualization results of Reference 13 is in order. 
These flow pictures indicate that for the high and 
mid-canard positions, the canard wake is well above 
the wing upper surface tor an angle of attack of 
12.7°; thus, although induced effects can occur, 
the canard wake does not physically interfere with 
the wing for these two configurations at this 
angle of attack. However, the flow pictures of 
Reference 13 indicate that the wing is in the wake 
of the low canard much of the time; therefore, since 
the wing is in this low energy wake, it is expected 
that the wing in the presence of a low canard will 
lose substantial lift. 

Chordw ise pressure distributions 

Chordwise pressure distributions at two span- 
wise stations, n = .24 and .71, are shown in 
Figures 11 and 12 for the wing in the presence of 
the high canard and wing alone at two Mach numbers, 
0.70 and 0.95. For both Mach numbers, the effect 
of the canard dov/nwash at the inboard station, 
n = .24, on both the upper and lower surfaces is, 
of course, to reduce the effective angle of attack 
of this station. In addition to apparently weaken- 
ing the strength of the leading-edge vortex of the 
viing at this inboard station, the interference of 
the canard on the wing moves the leading-edge vor- 
tex forward. At the outboard station, n = .71, 
there is evidonce of the leading-edge vortex pass- 
ing over a rather aft chordwise lovation for both 
Mach numbers for the canard on configuration; vihile, 
for the canard off configuration, there is little 
evidence of a vortex at the n = 0.71 span station. 
Although the Kutta condition is not satisfied at 
the g = 0.71 station for the canard off configura- 
tion, the data seem to Indicate that this particu- 
lar section is stalled rather than the vortex 
reattachment line inters*-, l ing the wing tr.vling 
edge inboard of the n = . "l station. The isobar 
plots in Figures 7 and 8 .hnw a little mo*-x' 
graphically that the effect of the canard intw- 
ference is to move ‘ >e leading-edge vortex 'erwai'd 
and improve the flew on the outboard sei tion- e' 
the wing. Thus, even with leading-ednr vo* lev 
flow, the net effect of the canard is h' deoe.VM' 
the load inboard ind increase the loae .'i.fN'gi.i 
as would be exuei tt'd with at' udied 


Since, for the mid-canard configuration, the 
canard wake is located physically closer to the 
wing than for the high canard configuration, 
stronger effects of canard downwash on the wing 
should be expected for, at least, the inboard wing 
stations. Figures 13 and 14 shows that this 
speculation is correct; the pressure distributions 
at span station n = . 24 , show a much stronger 
effect of canard downwash on the wing pressure 
distribution for the mid-canard than for the high 
canard. In fact, as mentioned earlier, for the 
high canard configuration, there appeared to be a 
shock located at the n = 0.24 span station at a 
Mach number of 0.95, but the downwash of the 
canard on the wing appears to have suppressed the 
shock at a Mach number of .95 for the mid-canard 
configuration (Cp*. @ ^-jsobar ” ~ ■•67). .'s 

with the high canard configuration, the inter- 
ference effects of the canard on the wing appears 
to enhance the vortex at the outboard station, 
n = .71. Again, as discussed earlier, the vortex 
reattachment streamline intersects the wing 
trailing edge inboard of the n = .71 station and, 
thus, the Kutta condition is not satisfied. 

The effect of the interference of the low 
canard on the inboard station, n = .24, completely 
changes the character of the pressure distribution 
from what had occurred for the high and mid- 
canard configurations. Figures 15 and 16. From 
the flow visualization pictures presented in 
Reference 13, this rather drastic change in pres- 
sure distribution appears to be due to the wake 
of the canard physically interacting with the 
wing. The outboard station appears to be very 
similar to the other two configurations. 

A summary of the effect of canard position 
on wing lifting pressure for a Mach number of 0.70 
is shown in Figure 17. As should be expected from 
the earlier discussion, it is seen that for the 
inboard sections, the canard affects the front 
portion of the wing while outboard, the largest 
effects of canard are on the aft portion of the 
wing. Using these results in Figure 17, 

Figure 18 presents a plot comparing attached flow 
theory with experiment plotted in the difference 
between lifting pressu'^e for canard on and canard 
off. Of course, attached flow theory should not 
be expected to agree well with the experiment 
since the flow is separated for this model. 

However, in the absence of any better theory, the 
attached flow theory is presented. The theory, 
of course, thus, misses the vortex on both the 
inboard and outboard sections. The data in 
Figure 18 does show the magnitude of the error 
incurred when potential flow theory is used to 
compute the canard interference effect on the 
wing when the wing has a leading -edge vortex and 
emphasizes the need for loads prediction methods 
that accurately account for vortex flows. 

The effect of canard location at Mach 
numbers of .70 and .95 on the span load distribu- 
tion is presented in Figure 19. In general, it is 
seen that on the inboard section of the wing, the 
low canard configuration loses the most lift and 
the high canard the least. While on the outboard 
Section of the wing, all three canard configura- 
tions produce more lift than the canard off 
I onMguration. This is due to the enhanced 
leading-edge vortex passing over this section of 
the wing for the canard configurations. 


Figure 20 shows the center of pressure location 
for each chordwise station plotted for the canard 
off configuration and the three canard configura- 
tions. There is little effect of the canard on 
the outboard sectional center of pressures. How- 
ever, for the wing inboard stations, moving the 
canard from the high position to low moves the 
center of pressure rearward for both Mach numbers 
shown. Further integration of the span load dis- 
tributions yields the total center of pressure, as 
is shown in Figure 21 for Mach numbers 0.70 and 
0.95. The effect of adding a canard to the wing 
load is to move the center of pressure rearward 
and outward. 


Conci udin g Remarks 

The effect of placing a relatively highly 
swept wing (A = 60°) having leading-edge vortex 
flow in the presence of a canard located above, 
in and below the wing chord plane on the wing 
load distribution has been determined at transonic 
speeds. The results, illustrated by data at an 
angle of attack of 12.7° indicate that increasing 
the Mach number from 0.70 to 0.95 caused the v/ing 
leading-edge vortex to burst over the wing when 
the wing was in the presence of the high canard. 
For some of the outboard span locations, the 
Kutta condition was not satisfied since the lead- 
ing-edge vortex reattachment line intersected 
the wing trailing edge inboard of these span 
stations. In general, the effect of adding a 
canard was to reduce the lift inboard on the 
wing and somewhat increase the lift outboard 
similar to the trends that would have been 
expected had the flow been attached. 
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TABLE I.- Geometric Characteristics 



Wing 

Canard 

b - cm 

25.4 

17.25 

b* - cm 

21.6 

13.4 

A - deg 

60 

51.7 

Airfoil section 

Circular arc 

Circular arc 

S (wing area extended to plane of symmetry) 

cm^ 1032.2 

— 

Root chord (wing -body juncture) cm 

29.8 

17.92 

Tip chord - cm 

Maximum thickness, percent chord, at - 

6.77 

3.59 

Root 

6 

6 

Tip 

4 

4 
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TABLE II.- Configuration Angle of Attack 


Configuration a, deg (H = .70) a, deg (M .95) g, deg (M = 1-20) 


High canard: 

canard on 

12.67 

12.97 

13.06 

canard off 

12.30 

12.39 

— 

Mid canard: 

canard on 

12.63 

12.89 

— 

canard off 

12.27 

12.33 

— 

Low canard: 

canard on 

12.55 

12.73 

— 

canard off 

12.31 

12.38 

— 



Figure 1. Sketch of pressure model, dimensions 
in centimeter (inches). 



M 

o 0.70 
□ 0.95 
O 1.20 
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a, deg 

Figure 3. Effect of Mach number on wing lift 
for the high canard configuration, 
reference 4, 


Figure 2. Planform view of strain gage instru- 
mented model, reference 4. 
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Figure 4. Interference effect of the canard 
on wing lift, reference 4. 



Figure 7, Lines of constant pressure for 
canard off and high canard on, 
M = 0.70. 


CANAKD orr HIGH CANARD ON 



M = 0.70; MID CANARD 


COMPARISON WITH POTENTIAL COMPARISON WITH VORTEX LIFT 
FLOW THEORY THEORY (SUCTION ANALOGYI 



Figure 5. Comparison of experimental and 
theoretical canard interference 
effect on wing lift, M = 0.70, 
reference 4. 


Figure 8. lines of constant pressure for canard 
off and high canard on, M = 0.95. 



Figure 9. Effect of Mach number on spanload 
distribution for the high canard 
configuration. 
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Figure 6. Chordv/ise pressure distriHM^;j,i fop 
the high c?i ui J configuration. 



Figure 10. Effect of Mach number on center of 
pressure location, high canard 
configuration. 
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Figure 11. Wing chordwise pressure, distributions 
from the high canard configuration 
at a Mach number of 0.70. 
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Figure 12. Wing chordwise pressure distribution 
for the high canard configuration at 
a Mach number of 0.95. 
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Figure 14. Wing chordwise pressure distribution 
for the mid-canard configuration at a 
Mach number of 0.95. 



Figure 15. Wing chordwise pressure distribution 
for the low canard configuration at a 
Mach number of 0.70. 


FLAGGED SYMBOLS, LOWER SURFACE 


FLAGGED SYMBOLS, LOWER SURFACE 




Figure 13. Wing chordwise pressure distribution 
for the mid-canard configuration at a 
Mach number of 0.70. 


Figure 16. Wing chordwise pressure distribution 
for the low canard configuration at 
a Mach number of 0.95. 
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Figure 17. Effect of canard loca'ion on wing 

lifting pressure, Mach number equals 
0.70. 
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Figure 20. Effect of 
center of 


SPANAlbl UK.AIIUN III 
CANARD UP . 

M - 0.<t% 



canard location on sectional 
pressure location. 
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Figure 21. Effect of canard location on center 
of pressure location. 


Figure 18. Effect of canard on wing lifting 
pressure fcr the mid-canard at a 
Mach number of 0.70. 
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Figure 19. Effect of canard location on wing 
spanload distribution. 
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